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  15 1 . Pascal has record types, pointer types, and explicit allocation and deallocation
         requests for heap storage. For example, consider the program fragment:
         
               program p;
                 type listp = list; {pointer type}
                 list= record
                 data:integer,
                 next:listp
                 end;
                 var head:listp;
                 begin
                 
                 
                 
                    new (head); (allocate a node}
         
         
         
                    dispose (head); { free a node }
         
         
         
                  end
         
               Discuss the features required for implementing heap storage for a Pascal run time
               system. Be sure to include discussion of a memory management scheme.
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   20 2. Consider the following grammar for simple assignment statements. Note that
         expression can contain a so called case expression:
         
                  <ass|gnment statement> -> |d := <express|on>
                  <express|on> -> <term> <express|on ta|l>
                  <express|on ta|l> -> + <term> <express|on ta|l>
                            | E
                  <term> -> |d        | number | <caseexpress|on>
                  <case express|on> -> case <express|on> of <case l|st> end case
                  <case l|st> -> <case> <case ta|l>
                  <case ta|l> -> <case> <case ta|l>
                         | <express|on>
                  <case> -> <relop> <express|on> then <express|on> else
                  <relop> -> "=" | "<>" | <= | >= | < | >
         
               As an example
               
          x := y +
               case i of
                        = 1 then z + w else
               = 2 then z + q else
                        z + r end case
                        
               The value of i chooses the value to be added to y.
               
           (a) Choose one of the intermediate forms and show the intermediate form for
               the example in your notation. State any assumptions which you make.
               
           (b) Give an LATG system which will translate assignment statements according
               to the grammar to your intermediate form. You may modify the grammar if
               necessary. Describe completely the action routines.
               
               
   20 3. Consider the following syntactic description of the control structure
         LOOP_REPEAT (which is a generalization of Pascal's REPEAT_UNTIL
         construct).
         
                  <statemenv ::= LOOP
                                     { <statements>}
                             UNT|L <log|cal expr>
                                     { <statements> )
                             REPEAT
         
                  where { <statements> ::E (empty)
                                   | <statements>
         
                      <statements> ::= <statemenv
                                   | <statements>;<statemenv
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                  NOTE that {<statements>} can be a LOOP_REPEAT construct.
                  
           (a) Use quadruples to indicate the type of flow of control semantics necessary
               for this language construct.
               
           (b) Obtain an LATG system for this language construct. Describe completely
               the action routines.
               
               
         20 4. Given the following program code
         
              for i:=ltolOdo
                  for j := 1 to 10 do
                  for k := 1 to 10 do
                             A(i,j,k) := i*j*k;
                             
               (a) Translate this program into triple notation with subscripting code expanded;
               
           (b) Construct a flow graph (consisting of basic blocks) of the program in part
               (a);
               
           (c) Perform all possible optimizations on the code in part (a) assuming that
               multiplications are much more expensive than additions and memory is
               cheap. Show your work!
               
               
  15 5 . Factoring loop-invariant expressions from while loops can be unsafe. The reason
         for this is that while loops may iterate zero times, and in general it is impossible to
         predict in advance whether the Boolean expression that controls the loop will
         initially be true. One the other hand, Pascal's repeat-until loop allows loop-
         invariant expressions to be safely factored, because it must iterate at least one.
         
               Show that a while loop can be rewritten into a repeat-until loop form. Explain
               how this transform can be used to safely factor loop-invariant expressions in
               while loops. Under what circumstances is this transformation undesirable?
               
               
   10 6. Two compiler-compiler systems were discussed in class. Outline the approach
         used in each system. Compare these two approaches.
         
         
   100
         
                                  ***The End***
                                  